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Abstract

The current excessive use of groundwater  is exacerbated by human activities, which directly or

indirectly trigger surface pollution and gradually affect to the subsurface, including groundwater .

Indonesia  is one of the developing countries that encounter these obstacles, specifically Banjarbaru

City  in  South  Kalimantan Province and its surroundings. Hence, proper management is needed to

maintain the sustainable function of groundwater , such as by determining its vulnerability  index  to

pollution. This study used geospatial analysis to determine the intrinsic and extrinsic vulnerability  of

groundwater  via the DRASTIC  and NV  index  methods, respectively, through visual representations

on a map. The validation involved the distribution of nitrate and nitrite values to review the

relationship between vulnerability  levels and the presence of anthropogenic influences. Subsequently,
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The Assessment of Groundwater Vulnerability towards Contamination using 
the DRASTIC and NV Indexes in Banjarbaru City, South Borneo, Indonesia 
 
Firza Syarifa Zahra1 and Thomas Triadi Putranto2* 

1Graduate School of Environmental Science, Diponegoro University, Indonesia  
2Geological Engineering Department, Diponegoro University, Indonesia 

Abstract. The current excessive use of groundwater is exacerbated by human activities, which directly or 
indirectly trigger surface pollution and gradually affect to the subsurface, including groundwater. Indonesia 
is one of the developing countries that encounter these obstacles, specifically Banjarbaru City in South 
Kalimantan Province and its surroundings. Hence, proper management is needed to maintain the 
sustainable function of groundwater, such as by determining its vulnerability index to pollution. This study 
used geospatial analysis to determine the intrinsic and extrinsic vulnerability of groundwater via the 
DRASTIC and NV index methods, respectively, through visual representations on a map. The validation 
involved the distribution of nitrate and nitrite values to review the relationship between vulnerability levels 
and the presence of anthropogenic influences. Subsequently, the results of the DRASTIC method showed 
that the study area is included in three vulnerability indexes, namely low (95-120), medium (120-160), and 
high (160-186). The NV method further indicated that the groundwater vulnerability indices are divided 
into four, namely very low (21.2-70), low (70-110), moderate (110-150), and high (150-186). Based on the 
results, the use of specific vulnerabilities was considered more effective than the intrinsic technique in 
determining the vulnerability index because the NV method considers land use as a parameter to provide 
more detailed outcomes. 

1. Introduction 
Water is a basic need for living things and a source of life 

for humans. Although this highlights the importance of the 
availability of groundwater as it is a source of freshwater, its 
quantity and amount are decreasing daily (Alexander et al., 
2017). Inadequate water supply is one of the major 
challenges in developing countries (Sorlini et al., 2013), as 
well as the insufficient quality of groundwater, which is a 
source of clean water. Hence, the poor groundwater quality 
is a huge problem (Miglietta et al., 2017), including in the 
study area selected. Groundwater availability is seriously 
affected by overexploitation, pollution, and climate change 
(Taylor et al., 2013; Gorelick and Zheng, 2015; Lasagna et al., 
2019; Lasagna et al., 2020; Grappein et al., 2021). Besides 
these problems, many factors influence the decline in 
quantity and quality, including excessive groundwater 
extraction and human activity (Putranto and Syah, 2018). 

The decrease in groundwater quality can occur due to 
pollution, which can be described as the poor of a state due 
to the entry of pollutants (Palar, 2004). Groundwater 
pollution is a result of several factors, including human 
activities (Mohammad, 2017), such as pesticide usage in 
agriculture, household waste, or industrial activities 
(Kesuma et al., 2017). This contamination often occurs in 
areas with high population density, industries, and 
agricultural activities, where it is frequently used as a 
freshwater source. 

Consequently, assessments to prevent contamination 
are more effective than improving the quality of polluted 
groundwater (Machdar et al., 2018). Vulnerability is an 
intrinsic or natural characteristic of groundwater that 
depends on the system's sensitivity to natural and/or human 
impacts (Hendrayana, 2011). It is defined as the risk of 
pollution due to the potential impact of land use. As a result, 
assessments show that the protection provided by the 
environment varies across locations (Abdullahi, 2009). 
Groundwater vulnerability comprises two main ideas, 
namely intrinsic vulnerability, which is based on an area's 
hydrogeological characteristics and geological conditions. 
This aspect depends on three main factors, namely the 
absorption process and travel time of fluid contaminants, 
their flow dynamics in the saturated zone, and the 
concentration of the remaining contaminants upon reaching 
this zone (Maria, 2018). The second aspect is the specific 
vulnerability, which refers to the vulnerability of 
groundwater to specific contaminants generated by human 
activities. 

The intrinsic vulnerability method most often used is the 
DRASTIC index, initially introduced by the United States 
Environmental Protection Agency (USEPA) (Aller et al., 
1987). Conversely, there are many specific vulnerability 
methods, including the NV index, which is considered 
capable of producing a higher level of accuracy with a focus 
on nitrate as a pollutant (Martinez-Bastilda et al., 2010). 
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